Vegetables (Tomato -Solanum lycopersicum, green chilli -Capsicum annum and bitter gourd -Momordica charantia) and fruits (Banana -Musa acuminata colla, papaya -Carica papaya and mosambi -Citrus limetta) from the cultivated areas around the Tummalapalle uranium mining site were analyzed for trace metals (Al, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Be, V, Co, Cd and U) using inductively coupled plasma-mass spectrometer (ICP-MS). As per the estimated data, the concentrations of trace metals in vegetables and fruits are found in the range of 47.5-7.8 mg/kg for Al, 9.7-1.0 mg/kg for Cr, 3.8-1.0 mg/kg for Mn, 75.5-13.9 mg/kg for Fe, 1.4-0.2 mg/kg for Ni, 2.3-0.8 mg/kg for Cu, 9.2-3.1 mg/kg for Zn, 0.2-1.4 mg/kg for Pb, 19.2-1.9 g/kg for Be, 96.1-15.8 g/kg for V, 48.2-12.9 g/kg for Co, 46.5-2.3 g/kg for Cd and 16.4-2.7 g/kg for U. The trace metals observed are compared to the literature reported values. Trace elemental data were subjected to statistical analysis to examine the interrelationship between the investigated trace elements and possible source identification of the trace metal contamination in vegetable and fruits. Daily intake of trace metals through ingestion of vegetables and fruits are also calculated.
Introduction
Demonstration and determination of trace metals in food are an important task for nutritionists, environmentalists and scientists. Vegetables and Fruits are some of the most common foods of human diet in all around the human kind. These are rich sources of vitamins, minerals, fibres and also take on a dependable anti-oxidative effects. Other than water and soil, foods may also be contaminated with trace metals due to increased usage of chemicals, limited. In the present study, the cultivated vegetables and fruits in and around the Tummalapalle uranium mining site were collected and analyzed for metal contents of Al, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Be, V, Co, Cd and U using inductively coupled plasma-mass spectrometer (ICP-MS).
Experimental

Study area
The study area, Tummalapalle uranium mining is located between latitudes 14 • 
Sample collection
The study area is divided into two parts of the sample collection based on the radial distance from the mining site. (1) Core zone -which is having 10 km radial distance around the mining site; (2) buffer zone -which is spreading over the radial distance from 10 to 25 km around the mining site. The map showing the study area is described in Fig. 1 .
A total of 72 samples containing commonly cultivated vegetables of Solanum lycopersicum (tomato), Capsicum annum (green chilli), Momordica charantia (bitter gourd) and the fruits of Musa acuminata colla (banana), Carica papaya (papaya) and Citrus limetta (mosambi) were collected in the study area around the uranium mining site during 2011-2012.
Reagents
All reagents used for the analysis were of analytical grade and Milli-Q water is used for all dilutions. Supra pure grade reagent (Merck, Germany) of nitric acid is utilized for the digestion of samples. All the glass wares were cleaned by soaking it in dilute nitric acid and then rinsed with distilled water before use.
Sample processing and analysis
The samples were collected in polyethylene bags and preserved in the refrigerator prior to the processing and analysis. The samples were cleaned with Milli-Q water and the known quantity of edible portion of the sample (vegetable or fruit) was weighed using 0.01 mg sensitive weighing balance and transferred to 100 ml glass beaker. To the weighed sample 15 ml of supra pure HNO 3 and 3 ml of HClO 4 were added and covered with the watch glass.
After an hour, the beaker was placed on a hot plate, heated up to 140 • C until the sample completely digested and the total volume was reduced to approximately 2 ml. The digested sample was cooled, diluted with 2 N supra pure HNO 3 and made up to 50 ml in a standard flask [11] [12] [13] [14] . Reagent blanks were made in each batch of the samples processed. The treated samples have been examined for trace metal contents using inductively coupled plasmamass spectrometer (ICP-MS), make Agilent Technologies (Model No. 7700). The instrumental parameter for ICP-MS operation is presented in Table 1 .
Quality assurance
The quality assurance of the procedure for the estimation of trace metals has been assessed by calibrating the instrument using multi element calibration standard 2A (Lot No. 28-68 JB) obtained from Agilent Technologies. The validity of the method was further ascertained by spike recovery and replicate analysis.
Results and discussion
The averaged trace metal concentrations in three varieties of vegetables and fruits from core zone and buffer zone in and around the uranium mining site are tabulated in Table 2 and the literature reported values from various regions of the world from corresponding samples are listed in Table 3 . All metal concentrations are reported in wet weight basis. The concentrations of examined trace elements in vegetables and fruits were found to be in the range of 1.2-98.5 mg/kg for aluminium (Al); 0.3-13.7 mg/kg for chromium (Cr); 0.3-8.1 mg/kg for manganese (Mn); 6.5-126.3 mg/kg for iron (Fe); 0.1-4.1 mg/kg for nickel (Ni); 0.3-3.2 mg/kg for copper (Cu); 0.1-19.7 mg/kg for zinc (Zn); 0.1-3.4 mg/kg for lead (Pb); <0.01-44.1 g/kg for beryllium (Be); 6.9-98.7 g/kg for vanadium (V); 6.7-78.9 g/kg for cobalt (Co); 0.7-83.9 g/kg for cadmium (Cd); and 1.7-27.6 g/kg for uranium (U). It is seen that, Fe has the highest concentration followed by Al, Zn and Cr. The U has the lowest concentration followed by Be and Co. The graphical representation of average trace metals content in the samples is shown in Fig. 2 . The daily intake of trace metals through an average ingestion of 100 g of these vegetables and fruits are calculated and tabulated in Table 4 .
The standards available for an acceptable dosage limit of daily intake are also given in this table.
The highest average concentration of aluminium (47.5 ± 25.3 mg/kg) was observed in C. papaya (papaya) at buffer zone and the lowest mean concentration (6.8 ± 4.5 mg/kg) in C annum (green chilli) at buffer zone. 1.7 mg/day intake of Al was found through the intake of these vegetables and fruits in the study area and is well within the maximum permissible dose limit of aluminium for an adult, 60 mg/day [15, 4] .
The minimum and maximum chromium contents of the samples were found to be 1.0 mg/kg in S. lycopersicum (tomato) at both core zone and buffer zone and 9.7 mg/kg in M. charantia (bitter gourd) at buffer zone, respectively. In the literature chromium content has been reported in the range of 0.07-6.0 mg/kg in vegetable and fruits [16, 20, 29] . The average recommended daily intake of chromium is 50-200 g [15, 17, 29] and the intake of Cr in the study area was found to be 0.2 mg/day ( Table 5 ).
The average concentration of the manganese (Mn) observed in vegetables and fruits are about 2.2 mg/kg which contains minimum (1.0 mg/kg) is seen in C. limetta and maximum (3.8 mg/kg) in C. annum (green chilli) and M. acuminate colla (banana). The intake of Mn (0.2 mg/day) in the investigated samples is well below the tolerable daily upper limit of 4.1 mg/day [4, 15] . The literature values of observed concentrations are ranging from 0.04 to 27.85 mg/kg for both vegetables and fruits. The obtained values in this study are comparable to the literature reported values (Table 3) .
The obtained Fe concentration in vegetable and fruit samples is compared to the literature reported values (Table 3) . Minimum and maximum levels of Fe were found in C. limetta (13.9 mg/kg) and C. papaya (75.5 mg/kg), respectively. The acceptable daily limit of Fe is 15 mg/day [4, 15] ; and the average intake in the study area is 3.5 mg/day.
Obtained concentration of nickel in the samples is showing good comparison with the literature (Table 3 ). The mean concentration of Ni in the samples is 0.53 mg/kg. The intake of Ni at the study area is found to be 0.1 mg/day. This is equal to the acceptable dosage limit of Ni (0.1 mg/day) and is alarming.
The median concentration of Cu in the samples is approximately 1.37 mg/kg and is comparable to the reported literature values, which are in the range of 0.1-14.1 mg/kg ( Table 3 ). The daily intake of Cu in adults from food generally varies from about 1 to 2.5 mg, corresponding to 15-45 g/kg body weight in adults [15] . The daily intake of Cu in the study area is about 0.1 mg/day.
The highest and lowest zinc concentrations were observed in C. limetta (9.2 mg/kg) and S. lycopersicum (3.1 mg/kg), respectively. The reported literature values range from 0.06 to 10.6 mg/kg ( Table 3 ). The average intake of 0.6 mg/day of zinc was observed in the field area. The recommended daily intake of zinc is 15 mg for men and 12 mg for adult female [4, 15] .
The median value of Pb obtained in the samples is 0.64 mg/kg and is showing good comparison with the reported literature values, in the range of 0.06-2.78 mg/kg (Table 3) . 
Vegetables Minimum and maximum levels of beryllium were found in M. charantia (1.9 g/kg) and C. annum (19.2 g/kg), respectively.
The highest and lowest levels of V were found in C. annum (15.8 g/kg) and M. charantia (96.1 g/kg), respectively. The dietary intake of vanadium reported is 5-50 g/day [4, 15] and is comparable to the observed value of V (3.7 g/day) in the study area.
The highest and lowest contents of Co was founded in Capsicum Annum (48.2 g/kg) and citrus limetta (12.9 g/kg), respectively. This is comparable to the reported literature values (Table 3) . Human dietary intake of cobalt varies between 5-55 g/day [4, 15] . An average intake of 2.3 g/day of Co is estimated for the study area.
The highest and lowest content of Cd was found in C. papaya (46.5 g/kg) and C. limetta (2.3 g/kg), respectively. The reported literature values to Cd are in the range of 0.01-2.45 mg/kg (Table 3 ). The estimated average intake of Cd at study area is 1.8 g/day and shows a good comparison with the literature reported intake value of 10-60 g/day for a 70 kg person [4, 15] .
The average concentration of uranium in the present study for vegetable and fruit samples is in the range of 1.7-27.6 g/kg. The median intake of uranium is 0.6 g/day and shows a good comparison with literature reported values, in the range of 0.9-1.5 g/day [15] .
The trend of concentration points of various measured trace metals in vegetables is observed in the following sequence: Fe > Al > Zn > Mn > Cr > Cu > Pb > Ni > Co > V > Cd > Be > U (Table 2 ). In general, it is a common belief that most of the vegetables are enriched with Fe [16] and the same is also seen in our observation (15.7-37.8 g/kg). The elements Fe, Mn, Al, Cr, Cu, Pb, Be, Co, Cd and U were found to be highest in C. annum (green chilli), among the three vegetables analyzed in this study. According to Indian Ministry of Agriculture, Report of the post harvest profile of chilli [23] , the nutritional mineral and trace metal levels in C. annum are Cu -1.5 mg/100 g; Mn -1.38 mg/100 g; Zn -1.78 mg/100 g and Cr -0.04 mg/100 g. The elements Ni, Zn and V were found to be highest in M. charantia (bitter gourd) and lowest in S. lycopersicum (tomato) amongst the vegetables analyzed in this study. Nirmal Kumar et al. [22] Table 3 .
Comparison with the compactness of the toxic metals in vegetables in the present study reveals that the concentration levels are safe and comparable to those reported by others.
The succession of concentration levels of the measured trace metals in fruits analyzed is as follows: Fe > Al > Zn > Mn > Cu > Cr > Pb > Ni > V > Cd > Co > U > Be (Table 2 ). This is most alike to the style observed in vegetables. The measured trace elements are higher in M. acuminata colla and C. papaya and low in C. limetta. The reported levels of trace metals in fruits from diverse parts of the world are given in Table 3 . The reported literature values from various parts of the world are comparable to the values observed in this study. The concentration of toxic metals like Pb and Cd are comparable with the reported literature (Table 3) , which are in the range of 0.05-1.38 mg/kg for Pb and 0.02-0.55 mg/kg for Cd.
Correlation analysis
A linear regression correlation analysis was performed to investigate the correlation between the trace elements and to determine the likely sources of contamination of the vegetables and fruit samples analyzed. The values of the correlation coefficients between metal concentrations are given in Table 5 sources like crustal contamination, use of polluted water for cultivation, use of pesticides, fertilizers, atmospheric particulate deposition, anthropogenic activities, industrialization, mining activities, etc. Table 6 gives the better understanding of heavy metal content of rock and soils inside and surroundings of the Tummalapalle uranium mining site [18] .
Conclusion
The present study has generated data on trace metals in vegetables and fruits, which are cultivated in and around the surrounding villages of the uranium mining site. The levels observed are comparable with the literature reported values from various regions of the globe. The concentration trend of various measured trace metals in vegetables and fruits is in the order of 'Fe > Al > Zn > Mn > Cr > Cu > Pb > Ni > Co > V > Cd > Be > U'. Further, it has been observed that C. annum (green chilli) is showing high levels of trace elemental content, among the three varieties of vegetables, similarly M. acuminata colla (banana) is showing high levels of trace metal content among the three types of fruits analyzed. A linear regression correlation analysis of trace metal concentrations in vegetables and fruits indicates that, the contamination of Al, Fe, Ni, Cu and Cd is likely from the earth's crust, whereas, Mn, Be, Co, Zn, V and U is from multisource origin. Concentration of trace elements in the studied vegetables and fruits is acceptable for human consumption and the percentage of trace metal contribution through ingestion of these vegetables and fruits are in the range of 2-10% of the daily permissible exposure limit of intake.
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